Previous studies have shown that acute systemic administration of ethanol induced striatal ascorbic acid (AA) release in mice and rats. Undercutting the prefrontal cortex completely eliminated ethanol-induced AA release in rat striatum. In the present study, in vivo brain dialysis coupled with high performance liquid chromatography (HPLC)-electrochemical detection was used to evaluate the eŠect of ethanol on the release of AA in the prefrontal cortex, compared to that in the striatum of freely moving mice. The results showed that ethanol (4.0 g/kg i.p.) similarly induced AA release in the prefrontal cortex and striatum of freely moving mice.
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INTRODUCTION
In addition to the action on behaviors, the interaction of ethanol with neurotransmission in the central nervous system is well documented. For example, ethanol can aŠect the synthesis, release and catabolism of many neurotransmitters [1] [2] [3] and modulators. [4] [5] [6] It has been found that ethanol at low doses selectively increases dopamine release from nucleus accumbens of rats, and at higher doses also increase dopamine release from striatum. 1) Ethanol increases 5-HT release from nucleus accumbens and decreases 5-HT contents in the hippocampus, striatum and hypothalamus. 2) Systemic administration of ethanol showed dual modulatory eŠects on acetylchline release in rat hippocampus depending on the dose and the site of administration. 7) AA ( Fig. 1) is a normal constituent of the brain, and its concentration in the brain of several mammalian species, including man, is higher than that in any other organ with the exception of the adrenal cortex. 8, 9) It has been shown recently that AA acts not only as an antioxidant, but also as a neuromodulator in the central nervous system. 10, 11) For example, AA can block the D-amphetamine-induced stereotypy and potentiate the cataleptic eŠect of haloperidol in rats. [12] [13] [14] It directly alters striatal dopamine binding sites [15] [16] [17] and inhibits the binding of dopamine antagonists to dopamine receptors. 18) Extracellular AA concentrations in the brain change in response to various drug treatments. 5, [19] [20] [21] [22] There are also reports dealing with the interaction between ascorbic acid and ethanol in the central nervous system. Exogenous administration of sodium ascorbate antagonizes ethanol-induced impairment of swimming in mice 23) and raises the survival rate in ethanol-intoxicated mice. 24) Pre-treatment with AA potentiates ethanol-induced loss of righting re‰ex in mice. 25) More recently, it has been shown that acute administration of ethanol signiˆcantly enhanced the release of AA in the striatum of freely moving rats and mice. 5, 26) Our previous study has also shown that ethanol signiˆcantly enhanced the release of AA in the accumbens nucleus. 27) However, whether ethanol has similar eŠect on the release of endogenous AA in the prefrontal cortex has not been reported. Thus, in the present study, we investigate whether ethanol has similar eŠect on the release of endogenous AA in the prefrontal cortex, compared to the striatum.
MATERIALS AND METHODS

Animals
Female and male Swiss mice weighing (coordinates: A＋2.0 mm, V-1.2 mm). The procedure used to prepare and implant the dialysis probe was essentially the same as that described previously. 26) Brain dialysis was performed about 24 h after probe implantation in freely moving mice. Ringer's solution (147 mM NaCl, 2.2 mM CaCl 2 , and 4 mM KCl) was pumped through the dialysis probe at the constant rate of 5 ml/min. After a 30-min washout, the dialysis samples were collected every 10 min and analyzed. Test solutions (saline or ethanol) were administered when the baseline of AA output was stable in last three samples. At the end of the experiments, the position of the dialysisˆber was veriˆed and the data were discarded if theˆber was positioned incorrectly.
Analysis Procedure AA contents in the samples were measured by HPLC with electrochemical detection (Fig. 2 ). An aliquot of 20 ml dialysis samples was injected directly into HPLC system. A reversed-phase column (ODS, 5 mm, Shimadzu, Japan) was used with the mobile phase composed of 155.6 mM NaCl and 0.54 mM EDTA-Na 2 with 1.5 mM tetrabutylammonium bromide as an ion-pairing agent. 5) The mobile phase was pumped with LC-10A pump (Shimadzu, Japan) at a ‰ow rate of 1.0 ml/min. The detector (L-ECD-6A, Shimadzu, Japan) equipped with a glassy carbon working electrode and an Ag/ AgCl reference electrode was set at ＋0.7 V. The cur- rent produced was monitored by a chromatography workshop (TianMei Co., China).
Statistical Analysis Statistical analysis was carried out by using SAS software (SAS Institute, Cary, NC). To assess the signiˆcance of diŠerences between groups, summed eŠects of drugs over the course of an experiment were used to compare treatment area under the curve (AUC) by multifactor analysis of variance (ANOVA) followed by Fisher's least-signiˆcant diŠerence post hoc tests. AA values are expressed as the percentage changes compared with the respective basal value, which was the mean of three consecutive samples within a variation of 10％.
RESULTS AND DISCUSSION
Ethanol, at the dose of 4 g/kg i.p., induced a signiˆcant increase in AA release both in mouse prefrontal cortex and striatum. The greatest eŠect was observed 30 min after ethanol administration, with the AA levels being about 100％ higher when compared with the saline control group (striatum: F 1,22 ＝48.67, p＜0.001, Fig. 3 ; prefrontal cortex: F 1,19 ＝60.27, p＜ 0.001, Fig. 4) .
Previous experiments have shown that intraperitoneal injection of ethanol induced an increase in striatal AA release. 5) However, intra-striatal administration of ethanol into the striatum via dialysis probe did not increase striatal AA release, 5) suggesting the controlling mechanisms of ethanol-induced striatal AA release reside outside the striatum. Further studies demonstrated that dopaminergic 4) and glutamatergic 28) systems were involved in ethanol-induced AA release. Blockade of dopamine D2 receptors by sulpiride or inhibition of NMDA receptors by MK-801 antagonizes, whereas, blockade of dopamine D1 receptors by SCH 23390 potentiates ethanol-induced AA release in the striatum. Lesion of the substantia nigra or treatment with reserpine, which decreased the striatal dopamine levels by 95％, did not aŠect ethanol-stimulated AA release in the striatum, suggesting that ethanol-induced striatal AA release may not via the activation of presynaptic nigrostriatal dopaminergic pathway. 4) DeaŠerentation of the glutamatergic projection from cortex to striatum by undercutting the prefrontal cortex completely eliminated ethanol-induced striatal AA release, indicating the necessity of the integrity of the corticostriatal pathway in regulation of ethanol-induced striatal AA release. 28) However, whether ethanol increases AA release in prefrontal cortex has not been reported. The present study demonstrated for theˆrst time that ethanol induced AA release in the prefrontal cortex, further suggesting a close link between ethanol-induced AA release in the prefrontal cortex and in the striatum.
There is current interest in the role of ethanol-induced oxidative stress in the injury of the central nervous system. 29) Intake of ethanol aŠects the activities of antioxidant enzymes such as superoxide dismutase, catalase and GSH-Px in the brain. 30) Ethanol can induce superoxide anion or hydrogen peroxide formation in animals. 31) It is believed that ascorbic acid, as a classical antioxidant, plays a major role in protecting brain against oxidative damage. 32,33) Previous studies have shown that endogenous released ascorbic acid plays an important role in scavenging hydroxyl radical induced by ethanol. 34) Taken together, the present study provides the evidence that stimulated ascorbic acid release in mouse prefrontal cortex and striatum has important physiological and pharmacological implications for protecting the central nervous system from the damage induced by ethanol.
Previous studies have demonstrated the existence of sex diŠerence in responding to several stimuli. [35] [36] [37] Thus, mice of both genders were used in the present study. The results showed that there was no signiˆcant diŠerence between female and male mice, either in the basal levels of AA or in the changes of it after acute administration of ethanol.
It is well documented that there exists a functional link between AA release and the glutamatergic system. Microinjection of glutamate into various brain regions evoked increases in extracellular AA signals. 38) Some glutamate reuptake blockers reduced or eliminated the ascorbate signals. 39, 40) Striatal AA release induced by ethanol could be potentiated by the glutamate uptake L-trans-pyrrolidine-2,4-dicarboxylate, 41) and reversed by the NMDA receptor antagonist 3-(2-carboxypiperazin-4-yl)propyl-1-phosphonic acid. 42) It is also reported that uptake of released glutamate facilitates the release of AA via the glutamate/AA hetero-exchange mechanism. 43) This may partially explain the mechanism of ethanol-induced AA release in the prefrontal cortex, since administration of ethanol signiˆcantly decreasing the release of glutamate in cortical synaptosomes. 44) In conclusion, the present study demonstrated for theˆrst time that acute administration of ethanol increased AA release in mouse prefrontal cortex. However, the mechanisms underlying ethanol-induced endogenous AA release in the prefrontal cortex merits further investigation.
